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T ype 2 diabetes is a serious, costly, and potentially preventable public health problem in the U.S., and both the prevalence and incidence of diabetes have increased rapidly since the mid-1990s (1) . Currently, .7% of adults in the U.S. have been diagnosed with type 2 diabetes, and diabetes-related care accounts for 11% of all U.S. health care expenditures (2) .
African Americans bear a disproportionate burden from diabetes and its complications. Compared with Caucasians, African Americans are almost twice as likely to suffer from type 2 diabetes and to experience diabetes-related blindness and lower-limb amputations, and two to six times more likely to have kidney disease (3) . Furthermore, these disparities are enhanced when in tandem with other axes of inequality, such as geographic region, age, or sex (4) .
Health inequalities in diabetes care can be conceptualized as differences in the quality of diabetes self-management (DSM) and of the medical care received. African Americans with diabetes experience more difficulties in DSM than Caucasians (5, 6) . Several reasons contribute to the observed differences, namely that African Americans often present cultural beliefs about their medical care and difficulties with language or low health literacy, which interfere with the success of DSM activities. Additionally, racial disparities in health services access and delivery are also thought to contribute to the observed differences, as African Americans are less likely to have routine glycosylated hemoglobin (HbA 1c ) testing, lipid panels, and retinopathy screening than their Caucasian counterparts (7, 8) .
In the past decade, there has been a surge in the development and implementation of quality improvement interventions led by the health care sector, which aim to decrease the burden of social inequalities in diabetes care. According to the Chin et al. (9) conceptual framework, those interventions can be classified as targeted to the patients, the health care system, or both. Patient-level interventions are focused on the improvement of DSM, tackling aspects such as medication intake, diet, exercise, selfmonitoring, and the appropriate use of health care services (10) . Interventions targeting the health care system are a broad type of interventions that address the quality of medical care. These can be focused on the improvement of the structure and/or process of care.
A considerable part of these interventions has specifically targeted African Americans with diabetes. However, to the best of our knowledge, there have been only a few attempts to systematically review the quality improvement interventions aimed at this relevant vulnerable group. Previous systematic reviews have analyzed the topic more broadly, focusing either on socially disadvantaged diabetic patients (11, 12) or on ethnic minorities (9, 10, (13) (14) (15) , observing that health care-promoted interventions can be effective in improving both processes of care and health outcomes. A recently published systematic review evaluated the effect of food-related interventions for African American women with type 2 diabetes, observing improvements in food practices and/or in glycemic control (16) .
Because of the increased prevalence and worsened outcomes of type 2 diabetes in African Americans, along with the idiosyncratic characteristics of diabetes care, which, as before mentioned, include both individual and system-related variables, it is thus timely to conduct a systematic review specifically focusing on the interventions for this population. Therefore, the main goals of this systematic review were to identify and characterize health care-led interventions aimed at improving the quality of care in African Americans with diabetes. Additional goals were to assess the effectiveness of each intervention, to establish the characteristics associated with a greater probability of success, and to analyze how the interventions and its features evolved over the years.
RESEARCH DESIGN AND
METHODSdThe present work is part of a broader systematic review aimed to identify and analyze health care interventions to reduce social inequalities in diabetes care. The review and its procedures were planned, conducted, and reported according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines (17) .
Data sources and searches
A comprehensive core search strategy was developed for Medline through Ovid (combining MeSH terms and keywords) and then adapted and implemented in EMBASE, Current Contents Connect, and CINAHL (Supplementary Table 1 ). Gray literature and additional articles were searched in 10 more bibliographic sources. The search was not restricted by language or publication date. Backward and forward citation searches of all the selected articles were performed in ISI Web of Knowledge. All searches were conducted in July 2012. Detailed information regarding the bibliographic databases searched, including the date when the search was performed and the number of references retrieved, is available in Supplementary Table 2 . A bibliographical database was created using Reference Manager Professional Edition (version 10) and used to store and manage the retrieved references.
Study selection
We included randomized controlled trials (RCTs) and quasi-experimental studies (QEs) evaluating the effectiveness of health care-led interventions aimed at improving the quality of type 2 diabetes care in African Americans (including both self-care and medical care).
Specifically, we selected quality improvement interventions targeting patients, the health care system, or both. Health care-promoted, patient-targeted interventions were defined as those interventions led by health care professionals and aimed at improving any aspect of DSM (promotion of physical activity, nutritional/dietary education, glycemic self-monitoring, use of health care services, etc.). Interventions targeting health care were defined as those aimed at improving the quality of care provided by the health care system (primary, secondary, and tertiary), including the implementation of changes in the structure or processes of care provided to African Americans. Multifaceted interventions were defined as those interventions that included two or more components targeting both patients and the health care system, as previously defined.
We did not apply sex, age, language, or date of publication restrictions. Because some of the studies included patients from different ethnic groups, we only included those with participants that were predominantly African Americans (90% or more).
The titles and abstracts of the documents retrieved by the search strategy were screened for eligibility, and full texts of those meeting the selection criteria were obtained and read. Those that met the criteria described above were included. Two reviewers independently screened citations, and any disagreements about the document eligibility were resolved by a third reviewer.
Data extraction and quality assessment A data extraction form was developed to record the general characteristics of the study (number of participants, epidemiological design, and outcome measures) and specific characteristics of the intervention (target of the intervention, duration, providers, population of study, setting, and type of intervention, including its main components). For articles that referenced previous publications (e.g., describing needs assessments or interventions), the original publication was retrieved and relevant data summarized. The results were later transferred to a Microsoft Access database.
The methodological quality of the studies was assessed using "The Quality Assessment Tool for Quantitative Studies" (18) , which evaluates both internal and external validity. The methodological quality of each article was classified according to three categories (strong, moderate, or weak) based on six aspects: selection bias, study design, confounders, blinding, data collection, and withdrawals and dropouts. Two reviewers independently conducted the quality assessment, and a third reviewer solved any discrepancies.
Data synthesis and analysis
Results were summarized both qualitatively and quantitatively. Interventions were classified into three groups: interventions targeting patients, the health care system, or both (multifaceted).
The qualitative summary included a description of the features and main outcomes of each group of interventions, whereas in the quantitative component, frequencies and percentages were calculated for the categorical variables, and median, minimum, and maximum were calculated for the continuous variables (duration of the intervention and number of participants). The overall effectiveness of each intervention was estimated. When data were available, meta-analyses of the effect of the intervention on glycemic control were also conducted. Estimation of the overall effectiveness. Due to the high number and heterogeneity of the outcome measures used to assess the interventions in most of the studies, an assessment of the overall effectiveness of each intervention was performed based on the percentage of outcome variables that showed statistically significant improvement, established as P , 0.05, after the intervention. Specifically, for those interventions conducted and assessed through an RCT, the percentage of outcome measures that improved significantly after the intervention in the experimental group in comparison with the control group was calculated. Similarly, for those interventions that used a before-after quasi-experimental without control group method, the percentage of outcome measures that improved significantly after the intervention, when compared with baseline measures, was also calculated. Accordingly, the following categories of effectiveness were established: 1) highly effective interventions, for those interventions that showed statistically significant improvements in .75% of the total outcome measures; 2) partially effective interventions, for improvements between 25 and 75% of the outcome measures; and 3) low-effectiveness interventions, when improvement was observed in less than onequarter of the outcome measures. Some interventions also differentiated between primary and secondary outcomes. In order to incorporate this differentiation in our estimation of the effectiveness, primary outcome measures, as specified by the authors, were given a 10-fold weight. This categorization was adopted to manage the heterogeneity between studies, which used a high number of outcome measures.
Finally, a temporal trend analysis of characteristics, methodological quality, and effectiveness of the interventions was conducted. x 2 test was used in order to assess differences between groups in the temporal trend analysis. Meta-analyses. Three independent metaanalyses were planned in order to estimate the effects of the three main types of interventions conceptualized (targeted to patients, the health care system, or both) on HbA 1c . This was achieved through the comparison of the final mean HbA 1c between the intervention and the control group. Selection criteria for the metaanalyses included RCTs comparing the intervention with usual care or minimal intervention and reporting HbA 1c in the control and experimental group before and after the completion of the intervention. According to these criteria, it was only possible to conduct the meta-analysis of the interventions targeting patients. The HbA 1c levels in each study were extracted as mean 6 SD. This information was transformed into weighted mean difference, and 95% CIs were calculated for all eligible studies in the meta-analysis and combined using random-effects models. Heterogeneity was quantified by the I 2 statistic, where I 2 $50% was considered evidence of substantial heterogeneity (19) . Sources of heterogeneity were investigated by a Galbraith chart. A sensitivity analysis, excluding the studies with higher risk of bias, was also conducted. Publication bias was quantitatively assessed with Begg and Egger tests.
A meta-regression analysis was also performed to assess the possible effects of characteristics deemed potentially relevant, namely, duration of the intervention, number of sessions, setting (primary care, secondary/tertiary care, or nonclinical), sociodemographic characteristics of the participants (age, sex, and geographic region), intervention culturally adapted to the target population (yes or no), professional background of the providers (general practitioner, nurse, dietitian/ nutritionist, or endocrinologist), use of at least one peer provider (yes or no), provision of telephone reinforcement (yes or no), and intervention format (individual, group, or combination of both).
Both the overall assessment of the effectiveness and the meta-analyses included a sensitivity analysis, which was performed to assess whether our findings were related to the methodological quality of the included studies, by excluding those with low methodological quality.
Descriptive analyses were conducted with the software IBM SPSS Statistics, version 20. Temporal trend charts were generated with Microsoft Excel 2010. Meta-analyses and meta-regressions were conducted with Stata, version 11.2. For all the analyses, statistical significance was accepted at P , 0.05.
RESULTSdSearch results are summarized in the PRISMA flow diagram (Fig. 1) . The initial search identified a total of 1,916 citations, 248 of which were duplicated. Title and abstract screening of the remaining 1,668 citations resulted in the inclusion of 473 citations for further review. After examination of full text articles, 28 articles were identified as being eligible. The search of backward and forward citations of these 28 articles retrieved 4 additional articles, resulting in 32 articles included , which reported 31 studies.
Features and effectiveness of the interventions Table 1 provides aggregated information of the characteristics and outcomes of the interventions. Twenty-two interventions (71%) targeted patients (20-24, 26,27,29,30,32,35-37,39,40,42,44-47,50,51) , five (16%) targeted the health care system (31, 34, 41, 43, 48, 49) , and four (13%) (25,28,33,38) were multifaceted, addressing both patients and the health care system. The length of the interventions ranged from 1 to 60 months (median 6 months), and the number of participants varied between 23 and 16,140, with a median of 170 participants. The majority of the interventions (61%) took place in primary care, with the remaining being conducted in secondary or tertiary care or in nonclinical settings (specifically in community centers or participants' homes).
Seventy percent of the studies were RTCs, whereas approximately one-third used a QE procedure. Physiological measures were the most frequently used outcome. Several studies also incorporated measures related to diabetes self-care habits or diabetes knowledge. Of the 31 studies critically appraised, 5 were considered methodologically strong, 13 moderate, and 13 weak. Most frequent methodological flaws were high risk of selection and confounding bias. Eleven interventions were considered highly effective (36%), 15 were partially effective (48%), and 5 had low effectiveness (16%). Sensitivity analyses excluding results of the studies rated as methodologically weak indicated similar proportions (33, 50 , and 17% for high, medium, and low effectiveness, respectively). 1) Interventions targeting diabetic African American patients. Full details of the characteristics and outcomes of each intervention are provided in Supplementary Table 3 . Two of the 22 interventions targeting patients aimed to increase patient's attendance to screening services for the prevention of diabetes complications (23, 32) , whereas the remaining 20 aimed at promoting diabetes self-management. This included different strategies, mainly diabetes education, coping skills training, physical activity promotion, and dietary advice. Most of these interventions were culturally adapted, which mainly consisted of adapting the educational components to African American cultural characteristics and the inclusion of peer providers.
Sixteen of the studies analyzing the effectiveness of interventions targeting patients conducted an RCT (72%). Five studies were rated as methodologically strong, nine moderate, and eight weak. Eighteen interventions (82%) were rated as highly or partially effective, showing a positive impact both on process measures (such as diabetes knowledge or adherence to medication) and clinical and psychological outcomes and quality of life.
Nine studies met the selection criteria for the meta-analyses (20, 22, 24, 27, 30, 36, 37, 42, 45) . A first meta-analysis was conducted to assess possible baseline HbA 1c differences between intervention and control groups, observing no statistically significant differences (HbA 1c mean difference = 20.02 [95% CI 20.37 to 0.33]). Subsequently, a second meta-analysis was conducted in order to estimate the pooled difference in the %HbA 1c between the intervention and control group after the interventions. The heterogeneity among the studies was high; 50.2% of the total variability observed after the intervention was explained by the heterogeneity among studies. Using a Galbraith chart, it was possible to identify that one of the studies greatly contributed to the heterogeneity (22) , and its exclusion reduced the variability due to heterogeneity from 50.2 to ,0.1%. Eight studies describing nine interventions were thus included in the metaanalysis, reporting on 864 patients (432 in the intervention and 432 in the control group). As ascertained by a random-effects model, the combined effect of the intervention produced a significant reduction in the overall HbA 1c of 0.83 points (95% CI 21.14 to 20.53) (Fig. 2) . There was no evidence of publication bias (P = 0.07 using Egger test; P = 0.08 using Begg test). A sensitivity analysis was also conducted by excluding the study with a higher risk of bias (36) , showing similar results (overall HbA 1c mean difference = 20.77 [95% CI 21.08 to 20.47]). The meta-regression showed that none of the features analyzed were significantly associated with increased effectiveness. 2) Interventions targeted to the health care system. Six articles reported five interventions targeting the health care system (31, 34, 41, 43, 48, 49) . These aimed to improve the quality of health care in general practices with a high percentage of African American patients through the implementation of changes in the structure and/or process of care. The interventions were eclectic, including the development of educational interventions for health care providers (31, 43) , the implementation of systems for the rapid turnaround of HbA 1c (41, 48) , the establishment of circumscribed appointments, the incorporation of additional support staff, or increasing the followup effort through home visits or telephone/ mailing contact (34) .
Three of the interventions were assessed by RCTs and two by QEs. Two studies were rated as methodologically moderate and the remaining as weak. In relation to the effectiveness, two were highly effective and three were partially effective. The former were very similar, consisting of the implementation of a system to provide a rapid turnaround of HbA 1c availability. Results showed that these interventions facilitated diabetes management, increased the frequency of intensification of therapy, and lowered HbA 1c levels in patients with type 2 diabetes (41,48).
3) Multifaceted interventions. Four multifaceted interventions were identified (25, 28, 33, 38) . They were complex interventions, combining diabetes DSM education programs and the implementation of organizational changes in the health care structure (e.g., the implementation of reminder systems and incorporation of case management or new clinical algorithms). Although no statistical differences were tested because of the low number of interventions, in comparison with the other two types of interventions previously described, multifaceted interventions were longer (median 23.5 months) and incorporated a higher number of participants (median 351). Three studies conducted a QE, with only one following an RCT design. As for methodological characteristics, two were rated as methodologically moderate and two as weak. Two interventions displayed high effectiveness, whereas the other two were rated as having partial and low effectiveness.
Temporary trend
Although the first intervention to improve the quality of health care in African Americans with diabetes identified in this systematic review was published in 1996, almost 90% of the studies were published from 2000 onwards. Interventions targeting patients were the first type of intervention published and they increased constantly over time (Fig. 3) . The first intervention targeting health care was published in 1999, whereas the first multifaceted intervention was published in 2002. The setting of the interventions switched from secondary/tertiary care, when interventions started being conducted, to primary care from 2001 onwards (a period in which 65% of interventions took place in general practices). However, in the last 4 years (from 2008 to 2012), the proportion of interventions taking place in nonclinical settings has increased by 200%. Differences between groups were statistically significant (P , 0.05).
The methodological quality of the studies improved over time, showing a turning point in 2008, the year after which the proportion of low-quality studies decreased from 53 to 25% and the proportion of high-and moderate-quality studies increased from 47 to 75% (no significant differences). Similarly, although no statistically significant differences were observed, the effectiveness of interventions improved in recent years: 73% of the interventions published prior to 2004 were highly or partially effective, and this proportion increased to 90% of the subsequently published interventions.
CONCLUSIONSdThis systematic review identified 31 health care-promoted interventions specifically aimed at improving the quality of diabetes care in African Americans, most of which targeted patients. The evidence gathered showed that interventions targeting African American diabetic patients, which mainly included culturally adapted DSM education, reduced the percentage of HbA 1c by 0.8%. A lower level of evidence was observed in relation to interventions targeting the health care system and multiple-target interventions, although available evidence suggests that they can be effective and have the potential to improve diabetes care and health outcomes.
Previous revisions have broadly evaluated strategies for improving the quality of diabetes care (52), the use of community-based approaches to prevent diabetes (53) , and the effectiveness of DSM education (13, 54) . Also, research has been conducted to assess the effect of these interventions on racial/ethnic minority groups (9, 10, 14, 15) , and some recent studies have specifically reviewed the effect of dietary interventions on African Americans with diabetes or obesity patients (16, 55) . However, to the best of our knowledge, this is the first review focusing on health care system-promoted interventions to improve the quality of diabetes care in African Americans patients, i.e., on analyzing what the health care system has done until now in order to improve the quality of care of African American diabetic patients. The fact that most of the interventions analyzed have proven to be at least partially effective (only one out of five interventions analyzed showed to be ineffective) is consistent with what was previously observed in other reviews of interventions to reduce ethnic inequalities in health, both in the case of diabetes (10, 11, 13, 15) and other chronic diseases such as cancer, asthma, or mental health (14) . This is certainly a positive result and should encourage the implementation of actions that will ultimately contribute to decreasing health inequalities, thus promoting equal chances of having the maximum development for health. The main strength of this study is the comprehensiveness of the search. Systematic and manual searches were performed in the most relevant bibliographic databases on biomedical research. Specific sites of gray literature were also searched, and searches were not restricted by language or publication year. As for the limitations of this review, results could have been constrained by the high proportion of studies with low methodological quality, especially among health care and multifaceted interventions, thus impacting the internal validity of the results. However, the sensitivity analysis, which excluded studies with a higher risk of bias, showed that the proportion of effective interventions remained similar, with ;85% of the interventions displaying medium or high effectiveness. It is also a limitation that only experimental designs have been included, as sound methodological nonexperimental designs might reveal important information about the effectiveness of interventions (56) . However, they also pose obstacles to the generalizability of results and it is not always possible to draw conclusions about causality, hence the decision to exclude them. Another limitation that is common to systematic reviews is the risk of publication bias, because interventions with demonstrated benefit are more likely to be published than those with no benefit, thus overestimating the effect of the interventions. Efforts have been made to minimize this possible bias, which included a thorough bibliographic search. Finally, because the studies examined different interventions and health outcomes at different levels and used distinct research methods and outcome variables, it was only possible to conduct a meta-analysis using pooled data for interventions targeting patients. To address this gap, a qualitative assessment was conducted by adapting a previously described method (12, 57) , which classified the effectiveness of each intervention in different categories. However, this method presents some limitations and its results should be taken cautiously as it is based on the proportion of outcome measures that achieved statistically significant improvement after the intervention, without taking into account the clinical significance of this improvement or the fact that some outcome measures might be more important than others. Despite its limitations, this systematic review presented relevant and timely results. First of all, interventions exclusively focusing on patients were the most frequent type of intervention identified. However, the results of the present work showed a greater proportion of high effectiveness among those interventions targeting improvements in the structure or process of care, either by themselves or in tandem with patient-targeted interventions. This is consistent with previous findings, which demonstrated that interventions directed toward organizational structures and resources, which went beyond traditional diabetes education programs, were more likely to be successful (12) . In this sense, the current review showed that this trend has been changing over the years, and more recent interventions frequently incorporate different elements to improve the quality of care.
The results obtained by the metaanalysis, regarding the effect on HbA 1c of quality improvement strategies targeted to patients, are similar to those reported by Peek et al. (10) , who observed a reduction of a mean HbA 1c value of 0.69% in a multiethnic minority group of diabetic patients receiving culturally tailored interventions.
Two additional meta-analyses assessed the effect of DSM education in a general diabetic population and also observed similar HbA 1c reductions: 0.84 (54) and 0.48 (52) . The meta-regression analysis tried to identify the common features of the highly effective patient-targeted interventions; however, it was not possible to identify consistent patterns, not even in the use of peer providers, the incorporation of individualized sessions, or cultural adaptation, which have been suggested to improve the effectiveness of DSM interventions in ethnic minority groups (9, 10, 12) . These results seem to reinforce the hypothesis that at least in the research of interventions to improve quality of care, not all socially disadvantaged or ethnic minority groups can be considered and/or analyzed together, as there might be important sociocultural differences that can determine the features associated with a higher likelihood of success.
In relation to health care systemtargeted interventions, two highly effective and similar interventions were identified, both focused on the improvement of the structure of care, specifically in the implementation of a system to make HbA 1c values available at the time of a patient's visit. These results suggest that this system could facilitate diabetes management, increase the frequency of intensification of therapy, and lower HbA 1c levels in patients with type 2 diabetes (41, 48) . Notwithstanding the need to study this type intervention in more depth to confirm its effectiveness, these are important results, as this is a relatively simple and low-cost intervention that can easily be implemented in health centers.
The present work presents a review of the first 16 years (from 1996 to 2012) of interventions specifically aimed to improve the quality of diabetes care in African Americans. Temporal trend analysis showed that since its inception, these interventions have been evolving in different aspects. In this way, although interventions have been conducted mainly in clinical settings, initially in hospitals and later in general practices, the proportion of interventions taking place in nonclinical settings has increased in recent years. Moreover, the degree of sophistication of the interventions has grown over the years, with an increased number of participants and components being registered in the last years. As for the studies assessing the effectiveness of the interventions, it was also observed that their methodological quality is improving, and the proportion of interventions of low effectiveness is decreasing. All these findings suggest that research on these specific types of interventions has made significant progress in recent years.
However, there are still some challenges that need to be highlighted. First of all, it should be taken into consideration that although interventions conducted with African American patients with diabetes seem to be effective, it does not mean that interventions carried out with other ethnic minority groups will be equally effective. Different ethnic groups have different cultural characteristics that generate differences in diabetes self-care activities (e.g., nutritional habits, physical activity undertaken, and beliefs or myths about the disease and how to manage it) as well as the interaction between the patient and the health care system. That is why most of these interventions are tailored to the target population characteristics and therefore should be adapted prior to their implementation in other groups. Therefore, the results found in this review should not be extrapolated to other ethnic minorities; instead, specific revisions for each of these minority groups should be made.
The lack of methodologically highquality studies has also been observed previously (14) , representing an area for improvement. There is a notable need to conduct methodologically robust studies that target health care and multifaceted interventions. Although recent work has shown them to be useful in addressing general racial/ethnic disparities (5), evidence on African Americans is still scarce. Finally, although important cost-effectiveness analysis of these types of interventions has already been performed (58, 59) , ideally, future research should consider the systematic incorporation of an evaluation of the costs of the interventions to improve health care, in order to make decisions about the allocation of resources.
In conclusion, despite the methodological issues described above, this systematic review provides evidence about the key role that health care can play in reducing ethnic disparities in African American patients with type 2 diabetes by designing and conducting interventions aimed at this specific purpose.
